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Phillips 66 and R&D

Overview

A

o To I T

Diversified manufacturing and logistics
company

Portfolio includes Midstream, Chemicals,
Refining, and Marketing & Specialties
businesses

Process, transport, store, and market fuels
and products globally

#29 on the Fortune 500 list
Long history in R&D at ERI

Emerging energy: solid oxides, hydrogen,
decarbonization, renewables etc
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Fabrication and Testing Facilities A

Cost-effective fabrication
methods

Full spectrum of cell/stack
manufacturing and testing
facilities

>10,000 sq. ft. floor space
Fuel (H,, CH,, pipeline NG),
processing and treatment,

Dl/steam generation and
control

A Large load banks and power
supplies.

A Fully automated control
systems and stack test
stations

A System instrumentation,
control and communication

Spray Coater High Power Laser Cutter

High Temp Furnace System Testing Enclosure
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Project Progress

Date Milestone (BP2) % Complete
09/2022 Complete the stack design and components development 100%
05/2023 Complete the fabrication and evaluation of up to 3 short stacks (< 0.25 kW). 60%
09/2023 Complete 1 kW stack testi ng?and>900e@drdlyisdtyel 808 | gt
O 6 % 0<2% per 1000 h degradation.

09/2023 Complete the system design and integration, complete a thermodynamic analysis. 20%

12/2023 Complete evaluation of the 250 W systam|wiNotstasg o o
and >85% electricea&C. efficiency at O 650

02/2024 Demonstrate the potential to produce hydrogen at a cost of $2 per kilogram based on a Not started
cost of electricity of $30 per MWhr.

02/2024 Complete the establishment of a thermodynamic model to analyze the energy balance Not started
and global efficiency of the system.

02/2024 Evaluate 1.0 kW rSOC system performance at the relevant operating conditions and Not started
model: efficiency, durability, degradation, life of electrolysis cell.

02/2024 Complete a techno-economic analysis (TEA) based on test data on the rSOC system or Not started
components for the defined application
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Accomplishments to Date

V Air electrode:

A Based on high-throughput calculation and experimental validation, PBCX air electrode shows low
polarization resistance in air (3% H,0). In BZCYYb symmetrical cell, PBCX air electrode demonstrated
excellent stability in air with 3% and 30% steam (over 500h).

V Air electrode with catalyst:

A Complete the PrBa, 4Ca, ,C0,0; ; air electrode with CeO, based catalyst development with a
polarization resistance of < 0 . 1 5 2 at 600 #€ in Air (3% H,0).

A The A, ,Ce, 0, ; catalyst shows a degradation rate of <2% per 1000 h at 600 °C under the presence
of 3%H,0 and Cr contaminants for over 500 h.

V Large cell fabrication and stacking:
A Developed strategies to tackle the flatness of 10 cm x 10 cm cells.

A With significant modifications (processes, starting powders, sinter profiles etc), we successfully
fabricated 10 cm cells with flatness inthe rangeof O 500 Om

A Using 10 cm YSZ cells, we evaluated follow-up air electrode fabrication and sealing for reduced
flatness of cells/stacks, and developed optimal procedure for air electrode processing and sealing.

V 1 kW Test station: Test station installed, with 3-segments heating/cooling. Successful dry runs.
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Air Electrode Development: High-throughput calculations

Oxygen p-band center value

PrgBagM 14, 0 10,
M= Co
09 GLIIHUHQW HOHPHQWYV

x=1,2,3,4,5,6,7,8

V Oxygen p-band center value represents the charge transfer activity, which is generally
regarded as the ratedetermining step of oxygen reduction reaction (ORR)
V Warmer color with less negative p-band center should have good performance with ORR
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